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The Function of Lysyl-tRNA Synthetase
and Ap4A as Signaling Regulators of MITF
Activity in FcRI-Activated Mast Cells
ally, MITF was found to be in complex with USF2
(Nechushtan et al., 1997).
Using a construct containing the basic-helix-loop-
helix-leucine zipper (bHLH-zip) motif of MITF as bait in
yeast two-hybrid library screening, we have previously
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Hadassah Hebrew University Medical Center identified other MITF-interacting proteins, including
Hint, previously known as protein kinase C interactingP.O. Box 12272
Jerusalem 91120 protein 1 (PKCI) (Razin et al., 1999) and PIAS3 (Levy et
al., 2002). Hint, which was recently shown to be a tumorIsrael
suppressor gene (Su et al., 2003), is a ubiquitous mem-
ber of the histidine triad (HIT) protein family, and it is
denoted by a conserved HIT motif sequence (Lima et
Summary
al., 1997). We described a unique physiological function
for Hint as a suppressor of MITF transcriptional activity
The involvement of microphthalmia transcription fac-
where the interaction between MITF and Hint is signifi-
tor (MITF) in the function of mast cells, melanocytes,
cantly reduced upon engagement of the surface FcRI
and osteoclasts has recently started to be investigated
in mast cells (Razin et al., 1999).
in depth. In a previous study, we found Hint to be
Extensive in vitro studies suggest that Hint has cata-
associated with MITF in mast cells and showed that
lytic activity and is able to bind nucleotidyl substrates
it suppresses MITF’s transcriptional activity. Here, we
(Brenner et al., 1997; Lima et al., 1997). Diadenosine
have found that lysyl-tRNA synthetase (LysRS) is also
oligophosphates (ApnA), which interact with the HIT pro-associated with MITF and forms a multicomplex with
tein family, consist of two adenosines joined in 5-5
MITF and Hint. We have also shown that Ap4A, an linkage by two to six phosphates. These molecules are
endogenous molecule consisting of two adenosine
structural analogs of NTPs that are highly charged and
linked by four phosphate which is known to be synthe-
have the ability to bind to proteins (Brenner et al., 2000).
sized by LysRS, is accumulated intracellularily above
Ap4A has been found in mammals to be synthesized700 M in IgE-Ag-activated mast cells, binds to Hint,
in a zinc-dependent side reaction catalyzed by LysRS
liberates MITF, and thus leads to the activation of
(Brevet et al., 1982; Hilderman and Ortwerth, 1987).
MITF-dependent gene expression. This implies that
Here, we show that LysRS plays a unique signaling
LysRS plays a key role via Ap4A as an important signal- role in IgE-Ag-activated mast cells. This is due to its
ing molecule in MITF transcriptional activity.
ability to catalyze Ap4A upon aggregation of mast cell
surface FcRI, binding of Ap4A to Hint, and the liberation
of MITF from the multicomplex to transactivate its re-Introduction
sponsive genes.
The microphthalmia transcription factor (MITF) is a
basic-helix-loop-helix-leucine zipper (bHLH-Zip) DNA Results
binding protein (Hodgkinson et al., 1993). Its gene re-
sides at the mi locus in mice, and mutation of this gene It was reported that the Fhit protein, a member of the HIT
results in deafness, bone loss, small eyes, and poorly superfamily, has Ap3A/Ap4A hydrolase activity (Barnes et
pigmented eyes and skin (Moore, 1995). The primary al., 1996). Thus, the complex of Hint-MITF was exposed
cell types affected in MITF-deficient mice are mast cells, to 100M of different diadenosine polyphosphate mole-
osteoclasts, and melanocytes (Moore, 1995). cules and their effect on the association between MITF
In humans, mutation in this gene causes Waardenburg and Hint was determined. A major reduction in the asso-
Syndrome type II (Tassabehji et al., 1994). MITF regu- ciation of MITF to Hint was detected only when the
lates the expression of mouse mast cell protease complex was exposed to Ap4A and not to the other
mMCP-6 (Morii et al., 1996), mMCP-5 (Morii et al., 1997), diadenosine polyphosphates (Figures 1A and 1B). Re-
c-kit (Isozaki et al., 1994), p75 nerve growth factor (Morii cently, it was discovered that a natural product adeno-
et al., 1997), granzyme B (Ito et al., 1998), and tryptophan sine-5monophosphoraminidate (AMP-NH2) is hydrolysed
hydroxylase (Ito et al., 1999). MITF is a transcription by Hint with a very high Kcat (Bieganowski et al., 2002).
factor that binds to E box-type enhancer elements (Morii Therefore, we checked whether this substrate could also
et al., 1996), and, like many other transcription factors, interfere with the association of MITF to Hint, and, as
MITF’s activity is probably determined through its inter- can be seen in Figure 1C, AMP-NH2 had no significant
actions with other proteins. There are several lines of effect on this association.
evidence that MITF heterodimerizes with related pro- The dose response effect of Ap4A on the dissociation
teins, such as TFEB (Carr and Sharp, 1990), TFEC (Beck- between MITF and Hint complex showed that the con-
mann et al., 1990), and TFE3 (Zhao et al., 1993). Addition- centration of 100 M of Ap4A was sufficient to cause
the dissociation of the complex (Figure 1D). The kinetics
of dissociation of MITF from Hint showed that within 20*Correspondence: ehudr@cc.huji.ac.il
3 These authors contributed equally to this work. min of Ap4A exposure, the dissociation was complete
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Figure 1. Characterization of MITF/Hint Protein Complex Dissocia-
tion by Ap4A
(A and B) Screening for the ApnA that affects the MITF/Hint protein Figure 2. Specific Binding of Ap4A to Hint
complex. MITF/Hint protein complex was exposed to various types
(A) Determination of direct interaction of Ap4A with GST/Hint viaof ApnA compounds for 1 hr at 37C. Only Ap4A affects the pull-
BIAcore analysis. Representative sensograms of Ap4A binding todown assay of [35S] MITF by GST-Hint.
immobilized GST-Hint and GST-MITF are shown. The background(C) MITF/Hint protein complex was incubated with AMP-NH2 and
sensogram of GST alone was subtracted from the sensograms ofAMP for 1 hr at 37C and then the pull-down assay of [35S] MITF by
GST-Hint and GST-MITF. Significant binding of the Ap4A to GST-GST-Hint was carried out.
Hint is observed with 15 RU due to relatively low molecular weight(D) Ap4A-mediated and dose-dependent dissociation of MITF/Hint
of Ap4A.complex. Increasing amounts of Ap4A were added to the MITF/Hint
(B) Dose-dependent binding of Ap4A to GST/Hint. Representativeprotein complex and pull-down assay was carried out.
sensogram of 50, 100, and 200 M of Ap4A binding to immobilized(E) Kinetic analysis of the MITF/Hint protein complex dissociation.
GST/Hint.The complex was exposed to 100 M Ap4A for 20, 40, and 60 min
and then pull-down assay of [35S] MITF by GST-Hint was determined.
ern blotting analysis with Hint antibody, and, as pre-
viously described, Hint was found to be associated with(Figure 1E). These pull-down experiments were also car-
ried out using GST-MITF, labeled with [35S] Hint, and MITF in the same immunocomplexes. Thus, LysRS-MITF
and Hint form a multiprotein complex in these cells. Weshowed similar results (data not shown).
To determine whether Ap4A binds to either Hint or assessed further whether the interaction of these three
proteins could be modulated by engagement of the IgEMITF or both, real-time BIAcore analysis was performed.
Different concentrations of Ap4A were injected to the receptor by IgE and antigen on RBL cells. Although this
stimulus reduced the amount of Hint coimmunoprecipi-immobilized GST-Hint, GST-MITF, and GST proteins.
Ap4A showed significant binding activity to the immobi- tated with MITF (Razin et al., 1999), it did not affect the
association of MITF with LysRS (Figure 3B).lized GST-Hint in a dose-dependent manner but not
to GST or GST-MITF (Figures 2A and 2B). Thus, the The direct association between LysRS with either
MITF or Hint was then determined using an in vitro pull-dissociation of MITF and Hint is due to direct binding
of Ap4A to Hint. down assay. MITF and Hint were expressed in bacteria
as GST fusion proteins, immobilized on glutathione-By using yeast two-hybrid screening, we observed
that LysRS interacts with MITF (Figure 3A). In order to Sepharose beads, and assayed for their ability to retain
in vitro-translated LysRS labeled with [35S] methionine.obtain evidence for the possible existence of an in vivo
MITF-LysRS complex, coimmunoprecipitation of MITF As can be seen in Figure 3C, LysRS binds to GST-MITF
but not to GST-Hint; thus, MITF serves as a link betweenwith LysRS was examined in quiescent and activated
RBL (rat basophilic leukemia) cells. The recovered and Hint and LysRS in this multiprotein complex.
As mentioned above, we have previously shown thatresolved immune complexes showed that LysRS is in
complex with MITF in quiescent RBL cells (Figure 3B). the aggregation of RBL surface FcRI by IgE and antigen
caused dissociation of MITF and Hint. In order to testThe same immunocomplexes were subjected to West-
LysRS Regulates MITF in Mast Cells
147
Figure 3. Determination of the MITF and LysRS Protein Complex
(A) The bHLH-zip of MITF that was used as a bait in yeast two-
hybrid screening.
(B) Coimmunoprecipitation of MITF with LysRS. Quiescent cells and
cells activated via aggregation of FcRI receptor by incubating cells
with IgE and antigen were lysed and subjected to immunoprecipita-
tion with anti-MITF antibody, and the resolved immunocomplex was
analyzed by Western blotting with anti-LysRS antibody. Figure 4. In Vivo Function Analysis of the Dissociation of Hint from
(C) Pull-down assay of [35S] methionine-labeled LysRS by GST-MITF MITF in Activated RBL Cells
and GST-Hint fusion protein. The GST-MITF and GST-Hint proteins
(A) Accumulation of Ap4A upon activation of the RBL cells. RBL cellswere bound to glutathione-Sepharose beads and were incubated
were activated by aggregation of FcRI with IgE and antigen. Ap4Awith [35S] methionine-labeled LysRS overnight at 4C.
was measured luminometrically as described in the Experimental
Procedures. The bars show concentration average of Ap4A deter-
mined from three independent experiments.
(B) Accumulation of Ap4A in activated BMMC via the aggregationwhether such a stimulus causes the dissociation of
of FcRI. The bars show concentration from three determinationsthese two proteins via Ap4A, the concentration of this
(C). The dissociation of MITF/Hint protein complex in vivo by ApnA.molecule in activated RBL cells was first determined. It
RBL cells were introduced with 100 M of various types of ApnAwas found that upon aggregation of FRI in RBL cells,
compounds. The cells were lysed and subjected to immunoprecipi-
there was induction in Ap4A accumulation to 189  tation with anti-MITF antibody. The resolved immunocomplex was
33 M (mean  SE, n  3), as can be seen in Figure analyzed by Western blotting with anti-Hint antibody.
4A. No significant increase in the level of intracellular
Ap4A was observed when RBL cells were triggered with
IgE alone. Using primary culture of mouse bone marrow- with a luciferase reporter plasmid containing E box en-
hancer elements in the mouse mast cell protease-6derived mast cells (BMMC), it was observed that the
level of Ap4A reached 242  23 M and it increased to (mMCP-6) promoter and pcDNA constructs of either
MITF or MITF and Hint. After 30 hr, a second transfection775  11 M when the cells were challenged with IgE
and antigen (Figure 4B). RBL cells were then exoge- with 100 M of diadenosine-polyphosphates molecules
(either Ap3A or Ap4A) was performed. When the NIH 3T3nously introduced with different diadenosine-polyphos-
phate compounds by the cell membrane permeabiliza- fibroblasts were cotransfected only with MITF and Hint,
63%  0.2% (mean  SE, n  3) inhibition of the MITFtion method (Berger and Johnson, 1976). As can be seen
in Figure 4C, Ap4A, at concentration of 100 M, reduced transcriptional activity was observed, confirming our
previous results (Razin et al., 1999). However, the intro-the amount of Hint coimmunoprecipitated. The other
diadenosine polyphosphate molecules that were intro- duction of Ap4A into these cells caused a reduction in
the Hint-mediated suppression of MITF transcriptionalduced had just minor effects, if any, on the association.
Thus, the increase in the intracellular Ap4A concentration activity to 6.7%  1% inhibition (mean  SE, n  3).
Introduction of 100 M Ap3A also reduced the suppres-due to IgE-antigen stimulation, together with the obser-
vation that exogenous introduction of Ap4A into the cells sion, although to lesser extent.
It can be assumed that since the intracellular concen-rapidly reduced the association between MITF and Hint,
strongly indicate that Ap4A is a key negative regulator tration of Ap4A in RBL cells was found to be elevated
upon immunological stimulation, the introduction ofin the formation of the MITF-Hint protein complex.
In order to investigate this further, we determined Ap4A into unstimulated cells should mimic the elevation
in Ap4A observed due to such stimulus. Thus, we deter-whether Ap4A influences the transcriptional activity of
MITF in vivo. We demonstrated by gel shift assay that mined how such an administration of Ap4A into these
resting cells regulates MITF-mediated gene expression.increasing the amount of Hint prevents MITF from bind-
ing oligonucleotides containing an E box enhancer ele- Using real-time PCR, we followed the accumulation of
mRNAs that are known to contain the MITF-responsivement (Figure 5A). Thus, dissociation of Hint from MITF
due to Ap4A binding to Hint induces the MITF binding element. These include RMCP-6, whose promoter was
used in the reporter gene for the luciferase assay men-to the E box enhancer elements. Next, we determined
how Ap4A could regulate the transcriptional activity of tioned above; the c-kit receptor tyrosine kinase; lympho-
cyte serine protease granzyme B; and tryptophan hy-MITF in NIH 3T3 fibroblasts containing the E box element
(Figure 5B). NIH 3T3 fibroblasts were first cotransfected droxylase (Morii et al., 1996; Ito et al., 1998; Tsujimura
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Figure 5. Ap4A Regulates MITF Transcrip-
tional Activity
(A) Gel shift analysis to show that Hint pre-
vents MITF from binding to the E box element.
MITF protein was incubated with increasing
concentrations of GST-Hint (, 2 g; ,
3g;, 4g) and then 32P-labeled oligonu-
cleotide probe corresponding to the mMCP-6
promoter was added. One representative of
three experiments is shown.
(B) Supression of Hint-mediated inhibition of
MITF transcriptional activity by Ap3A and
Ap4A. The normalized value was expressed
as relative luciferase activity. One representa-
tive experiment out of three is shown.
et al., 1996). The real-time PCR analysis clearly shows leading to the dissociation of Hint from MITF and allows
MITF to activate its responsive genes.that the expression of RMCP-6, c-kit, tryptophan hy-
droxylase, and granzyme B were elevated upon the in-
troduction of Ap4A into the RBL cells (Figure 6A). Consis- Discussion
tently, these MITF-dependent genes show an increase
in their transcription when RBL cells were activated via The synthesis of Ap4A by certain tRNA synthetases, such
as LysRS, occurs under various cellular stimuli and canthe aggregation of FcRI (data not shown). Furthermore,
the mRNA expression of mMCP-6 and c-kit were deter- reach an intracellular concentration of about half of that
of ATP. Surprisingly, although this compound is partmined in Ap4A-administered BMMC, as seen in Figure
6B. Introduction of Ap4A to BMMC caused significant of the adenosine oligophosphate intracellular network,
neither its role nor the signaling pathways in which itelevation of the above gene transcripts. Thus, these
findings strongly support our data indicating that, upon is involved have been elucidated. Here, we describe a
system revealing the molecular mechanism by whichcell activation, the concentration of Ap4A is elevated
Figure 6. Determination of the Expression
Level of the MITF-Responsive Genes in RBL
and BMMC Administered with ApnA
(A) Determination of the expression level of
the MITF-responsive genes in unstimulated
RBL cells administered with 100 M of either
Ap3A, Ap4A, or Ap5A. The mRNA quantitation
of RMCP-6, c-kit, GrB (granzyme B), and TPH
(tryptophan hydroxylase) was determined by
SYBR-green incorporation to real-time PCR
in RBL cells. Expression levels were normal-
ized to GAPDH and  actin housekeeping
genes. One representative experiment out of
three is shown.
(B) BMMC were administered with 100 M of
Ap4A and the mRNA quantitation of mMCP-6
and c-kit were determined by SYBR-green
incorporation to real-time PCR in BMMC.
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Figure 7. Proposed Model for the Mecha-
nism by which Ap4A Affects the Transcrip-
tional Activity of MITF
Ap4A produced by LysRS following specific
stimuli accumulates in proximity to the multi-
protein complex of LysRS/MITF/Hint and
then binds to Hint and liberates MITF for its
DNA binding activity.
LysRS, via synthesis of Ap4A in IgE-Ag-activated mast acids 53 and 106 (data not shown) overlapping the re-
gion of block 2 motif (amino acids 78 and 87).cells, regulates transcriptional activity. This topic has
implications for our understanding of a variety of cellu- LysRS is found in a multienzyme complex of amino-
acyl-tRNA synthetases, where the LysRS that is dissoci-lar functions.
One of the intracellular features proposed for Ap4A is ated from the complex is about 6-fold more active than
the complex in the synthesis of Ap4A (Wahab and Yang,its potential role in the induction of apoptosis. This was
based on a set of experiments showing that administra- 1985). LysRS is known to be involved in pathways other
than aminoacylation of tRNAs. For instance, the associa-tion of Ap4A into cells induced apoptosis in a variety of
cell lines (Vartanian et al., 1999). In addition, both MITF tion of human LysRS with Vrp (Stark and Hay, 1998) and
Gag (Javanbakht et al., 2003) of HIV-1 and its involve-and USF2 have been shown to be involved in the induc-
tion of growth arrest. It was reported that mast cells ment in proinflammatory functions (Howard et al., 2002)
indicate that animoacyl tRNA synthetases have multiplederived from MITF-deficient mice are much less suscep-
tible to the induction of apoptosis as compared to those physiological functions. Our finding regarding the asso-
ciation of LysRS with MITF to form a multicomplex withmast cells derived from wild-type mice (Tsujimura et al.,
1997). A recent study showed that USF2 is involved in MITF and Hint contributes significantly to our under-
standing of how Hint dissociates from MITF by LysRS-growth arrest through activation of the promoter of the
adenomatous polyposis coli tumor suppressor gene mediated synthesis of Ap4A upon cell activation. These
findings show how housekeeping proteins, like LysRS,(Jaiswal and Narayan, 2001). All these observations
could be explained by the binding of Ap4A to Hint when are involved in various cellular processes upon spe-
cific activation.in complex with MITF or USF2 (our unpublished data),
resulting in dissociation of the transcription factor from It can be seen in the results of both the luciferase
assay and the quantification of MITF-responsive genethe complex, leading to the activation of genes that are
involved in the apoptotic process. transcripts that Ap3A has effects comparable to, though
lesser than, Ap4A (Figures 5B and 6A). Since Ap3A andHint is known to bind AMP (Lima et al., 1997) and
GMP (Brenner et al., 1997), and it is known to catalyze Ap4A are very similar compounds, these two compounds
might be involved in similar pathways for some genes,AMP-NH4 (Brenner, 2002). The inability of Hint to cata-
lyze Ap4A might be due to the fact that Ap4A is twice such as c-kit, or other pathways might be involved as
well. However, we have focused on Ap4A since it isthe size of AMP-NH2. The interaction between Hint and
Ap4A could cause structural alterations and thus change synthesized by LysRS, which is found in complex with
MITF both in vitro and in vivo (Figures 3B and 3C), thusthe capability of Hint to associate with MITF, resulting
in the dissociation of Hint from MITF, whereas the other strengthening the idea of the involvement of Ap4A in the
regulation of MITF.substrates, such as AMP and AMP-NH2, are not able to
dissociate Hint from MITF. The variation in the number of The following model for the role played by Ap4A in
MITF transcriptional activity is proposed, as illustratedphosphates in the diadenosine oligophosphates might
cause different types of associations between each of in Figure 7. Upon engagement of the surface FcRI in
mast cells, Ap4A is synthesized by LysRS in close prox-the ApnA members and their specific proteins. In the
case of Hint, Ap4A is being favored and found to be imity to the multiprotein complex of Hint, MITF, and
LysRS. This compound then binds to the multiproteinthe most prominent substrate for the dissociation of the
Hint-MITF complex. Furthermore, it has been proposed complex Hint, MITF, and LysRS and liberates MITF for
binding to E box enhancer elements.that a conserved motif in Ap4A hydrolase, termed block
2, may represent a commonly evolved region required The finding that Ap4A is a signaling molecule that af-
fects the relationship between Hint and MITF expandsfor the Ap4A binding (Hankin et al., 1997). Although no
significant sequence alignment was found between our understanding of the regulation of MITF transcrip-
tional activity to other helix-loop-helix transcription fac-Ap4A hydrolase and Hint, the block 2 motif was found
in Hint. Moreover, we observed that the region of Hint tors. Our preliminary data show that Hint is also associ-
ated with USF2, which is one of the members of HLHthat specifically binds MITF is located between amino
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GAA ATC-3, and for anti-sense 3: 5-CTA GAC AGA GGG GCTfamily group (our unpublished data). Here, we have pro-
GGC CTC TGT GCT-3.vided evidence that supports a possible function of Ap4A
as a secondary messenger and a general regulator of
Real-Time Quantitative Polymerase Chain Reaction
transcriptional activity of transcription factors belonging MITF-responsive genes were measured by using real-time quantita-
to the HLH family of proteins. tive PCR. Total RNA was extracted from RBL cells and mRNA levels
of various genes were quantified by SYBR-green incorporation
Experimental Procedures (SYBR Green PCR Master Mix, Applied Biosystems, Foster City,
USA). SYBR-green incorporation to double-strand DNA permits the
Cell Growth and Permeabilization direct detection of PCR product after each amplification cycle (ABI
RBL and NIH 3T3 cells were maintained as previously described Prism 7000 sequence detection system, Applied Biosystems). The
(Razin et al., 1999). Mouse BMMC were cultured as previously de- specificity of the amplification was controlled by electrophoresis.
scribed (Razin et al., 1984). RBL cells and BMMC were permeabilized The genes whose mRNA levels were quantified by real-time PCR
by cold shock (Berger and Johnson, 1976) and cell viability was are as follows: Rat RMCP-6, c-kit, granzyme B, tryptophan hydroxy-
determined by trypan blue exclusion. lase,  actin, and GAPDH.
Transient Cotransfection and Luciferase AssayPlasmid Construction
NIH 3T3 cells (2 	 105) were cotransfected by Transfast ReagentThe bait and the cDNA library for the yeast two-hybrid screening
(Promega Biosciences, San Luis Obispo, USA) with 0.5 g of re-was constructed as previously described (Razin et al., 1999). Normal
porter, 0.1 g of pcDNA-MITF, and 0.5 g pcDNA-PKCI and pcDNAmouse MITF (1129 bp) and Hint (381 bp) were inserted into the pGEX-
alone as a nonspecific control. The cells were incubated in 24 well4T-3 and pGEX3X vectors, respectively (Amersham Biosciences,
plates for 30 hr and then a second transfection with a final concen-Uppsala, Sweden). pM116 vector containing full-length human
tration of 100 M Ap4A and Ap3A were mixed in the Transfast Re-LysRS was kindly provided by Prof. Schimmel (Shiba et al., 1997).
agent and were further incubated for 12 hr. Ap4A and Ap3A wereFidelity of all constructs was verified by direct sequencing.
once again introduced to the cells in the same manner 1 hr prior to
the lysis of the transfected cells. The luciferase activity was normal-Yeast Two-Hybrid Experiments
ized to the total protein concentration. The ratio was expressed asYeast transformation and two-hybrid screening and assays were
the relative luciferase activity.performed as described previously (Razin et al., 1999).
Surface Plasmon Resonance Analysis
In Vitro Glutathione S-Transferase Pull-Down Assay
Direct interaction of Ap4A to either Hint or MITF or GST was exam-GST fusion protein MITF was expressed in protease deficient E. coli
ined by real-time biomolecular interaction analysis using a BIAcore
strain BL-21 and purified on glutathione-Sepharose beads (Amer-
3000 instrument (Amersham Biosciences). The measurements are
sham Biosciences). Pull-down assays were performed as described
arbitrarily expressed in resonance units (RU) that are proportional
previously (Levy et al., 2002). Integrity and quantity of GST fusions
to the concentration of the solute bound to the metallic surface.
were confirmed by Gelcode Bluestain reagent (Pierce Biotechnol-
First, GST, GST-Hint, and GST-MITF proteins were immobilized on
ogy, Inc., Rockford, USA), and autoradiography detected the
the dextran-coated gold surface by covalent amine bonds. With
amount of retained Hint or LysRS.
the flow rate of 10 l min
1 approximately 10 ng proteins were
immobilized in each flow cell of the gold chip. Then Ap4A in 20 mM
Immunoprecipitation HEPES and 0.3 M NaCl was injected at a flow rate of 20 l min
1.
The immunoprecipitation of the specific proteins from RBL cells The gold chip with the immobilized proteins was washed once with
were carried out as previously described (Levy et al., 2002). The 0.05% SDS and 1 M NaCl prior to the injection of Ap4A. The chip
antibodies that were used for immunoprecipitation were anti-mouse surface was regenerated by perfusion with 1 M NaCl. This regenera-
MITF, anti-mouse Hint, and anti-human LysRS, kindly provided by tion reproducibly brought RU values back to those observed before
Prof. Kleiman (Cen et al., 2001). Ap4A perfusion. Changes in RU over time were recorded as a sen-
sogram.
Gel Shift Assay
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